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ABSTRACT
The “cell signalingproblem” is underintenseexperimental study.
Ongoingefforts have identified many of the componentsof spe-
cific signalingpathways(receptors,enzymes,adapters,etc.) and,
for each,determinedwhich moleculesit interactswith, how it is
regulatedandwhat functionsit performs.As the numberof iden-
tified moleculeshasgrown andnew regulationmechanismshave
beendiscovered,it hasbecome clearthata majorproblemwill be
how to incorporatethis informationinto a usefulpredictive model.
Onereceptorsystemthathasreceivedconsiderableattentionis the
multisubunit immunerecognition receptor, Fc� RI, thatplaysacen-
tral role in allergic reactionsof the immediatetype [1–3]. On the
surfaceof basophils andmastcells Fc� RI is complexed with IgE.
A signalingcascadeis initiatedwhenamultivalentantigenbindsto
IgE andcausesIgE-Fc� RI complexesto form aggregates.Aggrega-
tion is followedrapidlyby phosphorylationof tyrosinesonreceptor
subunits,whichfacilitatesbindingof additionalproteinkinasesand
regulatormoleculesthatcomprisethesignalingcascade.

We have developeda detailedkinetic modelof theearlysignaling
eventsthat occurafter ligand-inducedaggregation of Fc� RI. Our
model allows for dimerizationof ligand-receptorcomplexes and
includestwo receptorsubunits that uponphosphorylation become
bindingsitesfor proteinkinases.Themodelincludestwo kinases,
Lyn, which is attachedto the inner leafletof the cell membrane,
andSyk, which is presentin thecytosol andpossessesseveralad-
ditional tyrosinesthatwhenphosphorylatedregulateits activity and
controldockingof additionalsignalingmolecules.Theaggregation
of receptorsandthe number of differentphosphorylation patterns
createenormouscomplexity in thissystem.In our model,which is
highly simplifiedcomparedwith theactualFc� RI receptorsystem
becausewe lump togetherphosphorylationsiteson eachreceptor
subunit into a single site, thereare 354 uniquechemicalspecies
andover 10,000possiblereactionsamongthem. We estimatethat
morecompletemodelswill containon theorderof 10,000species
joined by millions of possiblereactions.Simply encodingsucha
network in anerror-freeway is a challengingtask.In orderto gen-
eratethestatesandchemicalrateequationsin ournetwork, wehave
developeda robust labelingsystemfor receptorstatesanduseda
treealgorithmto generateall of the possiblestates.The possible
chemicaltransformationsarethenenumeratedby applyinga setof
fundamentalreactionrules.

To obtain the time coursesandsteady-statevaluesof the species
in thereactionnetwork generatedby ourmodel,wehave takentwo

approaches.Thefirst is to generateaseriesof rateequationsfor the
concentrationof eachchemicalspeciesin themodelandsolvethese
asa systemof coupleddifferentialequationsusingstandardtech-
niques. The secondmethodwe have appliedis the kinetic Monte
Carlo approach pioneeredby Gillespie [4], which treatseachof
themolecularspeciesin thesystemasa discreteentity. Thereare
two primary advantages of the latter approach. The first is that
thestochasticapproachyieldsnot only theaveragenumberor con-
centrationof a given speciesin the system,but also the fluctua-
tions aboutthat average,which may be importantwhenthe aver-
agevalueis small. Second,andmoreimportantfor our model,is
that the stochasticapproachallows us to tracethe pathof a given
moleculethroughthenetwork, or to determinetheprobabilityof a
given sequenceof reactions.Throughthesetypesof analyseswe
hopeto identify candidatereactionsor reactionsequencesastargets
for therapeuticintervention.

Onemotivation for developing suchdetailedmodelsis to aid the
development of highly specificdrugsto suppressundesirablere-
sponses. A moreimmediategoalis thedevelopment of apredictive
modelthatcanbeusedto assistin ongoingexperimentalefforts to
mapout the Fc� RI receptorpathway usinggeneticallyengineered
cell lines.H. MetzgerandcoworkersatNIH havedevelopedstable
transfectantsthatexpressasmallsubsetof thesignalingmolecules.
Datafrom theseexperiments have beenusedto determinethe pa-
rametervaluesin ourmodel,andthemodelhasin turnbeenusedto
suggestnew experimentsthatfurthermapout thepathways or test
hypothesized relationshipsbetweenligand-receptorbinding prop-
ertiesandtheactivationof signalingmolecules.
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